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ABSTRACT

Bounds on the cross sections for both exclusive and inclusive
weak pion production via neutral currents are obtained for the Weinberg
model of weak and electromagnetic interactions, The bounds derived
involve no assumptions at the ouiset about the relative importance of
the I=1/2 and I = 3/2 amplitudes. In lieu of sufficient experimental
information, numerical estimates are given which incorporate A(1236)

. . + -+
dominance and yield o(vp—vw n)/o(vp— p 7 p)= 0.03 and

c(vN->vn®N)/a(vn -~ y._'nop)z 0.19.
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Several papers have appeared in the literature recently which
attempt to place lower bounds on cross sections that would involve 1st
order weakly-coupled neutral currents in the Weinberg rnodel1 of weak
and electromagnetic interactions. The cross section ratios investigated
include the elastic lepton interactions2 ve+ e=>v, + e and vp+ e — vp + e,

3
the elastic semileptonic interactions vp+ N —- vH+ N, inelastic weak

L 3

pion production v +N — vll+ 7 + N, and the inclusive reaction
M

v + N - v + anything.
& B

The weak pion production bounds are of immediate interest fo
the experimentalist, but the bounds obtained invoke the assumptions of

A(1236) dominance. 7 The purpose of this note is to relax this assumption

and to deduce bounds for both the exclusive weak pion production process

7‘-{-/1/-—’4;-}-77"‘/!/ "

and for the inclusive weak pion production process

thio.,.
/7"'”—’”/"*””’.4"7? (2)

The neutral current of interest will be written in the form

-4

(ol 3 3
J; _/)2 +z‘{, *2‘{?,- (3)

where y = -2 sin2 .. and x = 1 + y in the Weinberg model. The Weinberg

W

angle SW has been bounded by sin2 6 . < 0.33 in Ref. 2 by allowing one

W
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standard deviation in the experimental data. To be conservative in what

follows, we shall take

S'l'n2¢9w < 099

2
which corresponds to

c(Fgte — & te )y..,q

A. EXCLUSIVE PROCESS

1. Bounds Involving Conventional Processes

Any weak pion process of type (1), or its charged current counter-
part, can be expressed in terms of one (I = 1/2) VO amplitude, two
(I=1/2and1=3/2) V3 amplitudes, andtwo (I = 1/2 and I = 3/2) A3
amplitudes. If one averages over the proton and neutron targets in the
neutral current interactions to eliminate the isovector-isoscalar inter-
ference term, one finds two sets of relations for the structure functions.
We list the results here for the vector, interference, and axial vector

contributions:

" 74 V(pf—ppﬂ+ﬂ) + W V@’ﬂ & 7’)

(5a)

= 2‘ [W(G/*eﬂ“}') *Wiew -'M}j *(7:{2?)14/ ‘Zwr-a/:'t}),
w I( ﬂf-#yn"‘n) + W 1'( !J#—M/ﬂ'}) =y W J?a.q-p /.“,,-;,j/ (5b)
Wﬂ(ﬂ/r’aﬂ'»)f M(“‘""”ﬂ‘)ﬂ) = Wﬂ(&'a-ﬂ/-“ﬂjo), 5
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W(g/-#eﬂ‘*ﬂ) + W(“"" f—ﬂ;’)’ “'4;'/5_;/4* WV(M'#/‘”?)J (5d)

w V(a/a-:m?) + W V("’"’”ﬁo")

= 2’2 [W(er-*eir}) + W(éar-*eﬂ%‘)]
+ ;‘t" (2“-29[ W V(‘?""/‘_JV}?)*W ‘?m"/t-ﬂ'ﬁl)— w ‘Zam/;" .7;:)]’ (6a)

Wipsntp) + W lneer’s)
= j% x [ w 1"/?’_7‘_”_?) +W :‘Z;,,,_,. /:.ﬂ’*"')— w I{éﬂvy‘}f}-)l (6D)

W A(ﬂ,»pﬂ‘?) +Ww ﬂ/ﬂv-«-ﬂ%)
= :?L [ w A‘*/?'ﬂ/*q)f W ﬁ(zw- /:;rh)-h/‘?’wy&r}_)]/ (6c)

W(e—/"’ e-ﬂ?) 2 W(E#—*eﬂ‘”#}

(6d)

- 2 ,.{ ¥ - ¥} - 'y -

= 72/5/ "g[w @/-'/»ﬂ*?)}” ﬂp-n-v/-};*”j-w (4'4»/4!,)-7.

in Egs. (5d) and (6d), Es represents the isoscalar matrix element,
In a manner which is familiar from the work of Paschos and

Wolfenstein, 6 one can use Egs. (5) and (6) to deduce two lower bounds on

the neutral current cross sections. We find
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6'(0/-# <7 +ﬂ) +4 (éﬁr-'ﬂﬂ"’)

e
]

2 & (cm— /-'"ﬂ“;v )

- /
z :%[1 = A5t i’(lé“'(gl"’e"*")*‘é"(f.»v.;,)) /7&
?r@,,../.-,,?) ’ (7)
and

| r(a,-om",) + Ac{om~cmn) + rz(ff/*li %) *M})

K =
2 24‘(&,—' /.."ﬂ'?) + 26"(4-’»""/;3‘ */l)

=4 [ 1 - 25, (2 hnlepenp iU, (st é,-.wt,),tg,g,,c,}-ﬂ"j“
As (b/-'/-’n* ) F e (cirs /"”1:, j -

Here V = .f: g ¥ Aoy Aa?
ews = 7 Ype? 4!}:: .

The inequalities above result from dropping the isoscalar contribution

to the electromagnetic processes and through use of a Schwarz inequality
placed on the vector and axial vector contributions.

We emphasize that the above bounds involve no assumptions
about the relative importance of the I = 1/2 and I = 3/2 amplitudes.
In time one will be able to test these bounds experimentally. In the
meantime, however, we shall now use A{1236) dominance to estimate the

right-hand sides. We use the data of 5. Galster, et al., 8 to estimate
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Vem [e., e ﬂ+) = 0./56 X /o"”'mj

and the new results from the Argonne neutrino experiment which yield9

6‘((71-—)/4’”}) X .75 X/D-"Pcn‘l

both at E = 2 GeV. These results imply that

R 2 0.15
{9}

and

Rﬂ z a-/f.
(10)

: -0 -+
Again invoking A dominance, we can relate o{vn—>p 7 p) to o(vp—> p D)

and with that (9) find that

‘10 -y £, &
R = Z t’:{ Z 0.03,
ey p no) (11)

This result should be compared with R3 ~ 0,11 derived under the

assumption of A dominance from the outset.

2. Bounds Based on Estima tes of the I = 1/2 and I = 3/2 Amplitudes

As an alternative to the procedure used in part 1, we can express
the cross section ratios in terms of the I = 1/2 and 3/2 amplitudes and
then estimate the relative effect of these amplitudes. This method allows

us to deduce additional bounds for other cross section ratios.
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In particular, we consider the ratio

K,

f(af-’pﬂ' Q’) + c‘(m-fkﬂ'“”!‘
P4 l“(w -").,"'” “',)

{(12)

for which the Columbia groupio has placed an upper bound of R4 < 0,14
(90% confidence level). In terms of the I = 3/2 and 1/2 amplitudes

X ., andX

3 1’ respectively, and the contributions of the isovector and

isoscalar electromagnetic current Ev and Es’ we can write

X 2
Rq - IXJ = '.{'XJ “Z'Eva/ jZZ/EJ‘/ ’
[ X5+ X1 (13)

With no dynamical assumptions whatsoever, we have

- £x g N &
K2 [ - 135+ o 55

The second term in the square bracket can be evaluated

according to Ref. 6 and is bounded by

e {ap>e ) (M"'- ~
) x,+x ’3’( J«f‘-”(f«i%u) - )

where the numerical estimate is again based on A dominance. Available
data suggest that the nonresonant background in neutrino or photon
reactions at the relevant energy interval is at most about 25~ 30%.

Thus assuming
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we have

l( "”(wde”cﬂ))% " g,

‘I ""[ Xjf‘*} -?f(“ﬂ*/n n/p)

(15)

This lower limit is physically unrealistic since it assumes a
destructive interference of the I = 3/2 and 1/2 amplitudes. A more
realistic bound is obtained if we assume Xi andX3 to be 900 out of

2 2 2
phase, and allow ]Xil /(JXil + [X3| } to be as large as 0.30. In
this way we have

> //\' (e./V-*e 0/V) A
R‘i "[(I- % /Xy l{"-flx,l") {2/( Rs(ew= /:,)) ] J-17.
(16)

This is to be compared with R< 0. 14 (90% confidence level).
To compare the procedure employed here to that of part 1, we

estimate a lower bound for the ratio

&_ = 5'6'/, -.wr'*n)'f- {(M*ﬂﬂ'})
2s (. -«J/--/-"Z*)ﬂ) ‘

In place of {14), we find



%
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Kz [ 1525 | 32+ 21560

A conservative estimate of the amplitudes then yields

x0.03

l@.@w%)%.é«»«:ﬂ/’* *
lepopnly) (18)

Ks 2 ?‘;'[1' /31(%

which should he compared with the estimate (11) for R3. By both
techniques, we have been able to lower the bound from 0. 11 to 0. 03 by
including both the I = 1/2 and I = 3/2 contributions as opposed to the
latter along. The present experimental limit“ for R, is 0,08 £ 0. 04.

3

B. INCLUSIVE PROCESS

Reaction (2} for inclusive weak pion production is considerably
more involved than (1) in that many more amplitudes appear since the
unknown states include combinations of 1= 41/2, 3/2, and 5/2. The
procedure used in Section A2 is unreliable here; however, one can still
relate the neutral current reactions to the charged current reactions as
in A1.

The results obtained for the structure functions are similar to,
but more complex than, those of Egs. (5) and (6). We merely state the

results obtained for the bounds analogous to (7) and (8) after averaging
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over proton and neutron targets:
- = - AL~
R’= f@*ﬂﬂ""ﬁ")'l?%ﬂﬂl')i‘féy"ﬂfl )t cAomsart)
a 6‘(?—-'/-.'7?’4' )+ r(mr‘rr‘lﬂ

= [I-— aGin8,)n ]’ (19)

and
--l —-— +¢'\

K / ?a‘({//v-vaﬂ'f)-}r (a/?-i..v:l’ X)-}- r(ewl/-oﬂn’ J’/
-]

ReleW -'/-"rrﬂ’-) 7 -?r&/?—v/-"ﬂ";)

in

= 'é[/"‘?&';’a")n‘”jt (20)

where
V. e (._,-un*x‘y +¥.,, (moeﬂ'al”y‘fl{_, @vauﬂl"ﬂ Hé.(oﬁe I*J’j
= .?;[4)*7-"3"/\’*’7 + Ja"@»—o/")r"l"y
and _ _ _
24, («Vsen*D)? W (eWser*T) 4K ., (N eq™¥)
= )

2l /—-Il"* ;\-’) Fds (ol - /.‘JF-A—')

The test of these bounds on the inclusive weak plon production cross
sections awaits considerably more data from the electroproduction

and weak charged current production processes.
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